Background/Objectives: Physical activity and exploration in infancy affect physical and cognitive development. Nutritional supplementation improves activity in severely malnourished infants, but the evidence in mild-to-moderately malnourished and nutritionally at-risk infants is equivocal. We tested the effect of multiple-micronutrient supplementation on physical activity and exploration in Mexican infants. Subjects/Methods: Using a quasi experimental design, we analyzed data from a supplementation study that lacked a placebocontrol group. We compared infants between 8 and 12 months measured at baseline who had received no supplementation (comparison group, n ¼ 78), with infants 8-12 months measured after 4 months of daily supplementation (treatment group, n ¼ 109). The treatment consisted of three supplement types: micronutrient powder, syrup (each containing only micronutrients) and a milk-based, fortified-food supplement (FFS; containing micronutrients and macronutrients). We formed the micronutrient-only group (MM) by combining the micronutrient powder and syrup groups. We measured activity and exploration by direct observation and used cluster analysis to form and characterize activity and exploration clusters. We performed logistic regression with activity or exploration cluster as the outcome variable and treatment versus comparison and MM or FFS versus comparison as the predictor variables. Results: Treatment versus comparison increased the odds of being in the high activity (odds ratio (OR) ¼ 2.35, Po0.05) and high exploration (OR ¼ 1.87, Po0.05) cluster. MM increased the odds of being in the high activity (OR ¼ 2.64, Po0.05) cluster and FFS increased the odds (OR ¼ 3.16, Po0.05) of being in the high exploration cluster. Conclusions: Nutritional supplementation benefited activity and exploration in this sample of Mexican infants.
Introduction
Numerous studies in infants have reported an association between physical activity and motor development (Meeks Gardner et al., 1995; Jahari et al., 2000) , and a positive effect of physical activity interventions on motor development (Mayo, 1991; Ulrich et al., 2001 ). Physical activity is necessary for exploration of the environment (McCune, 1998; Lewis, 2000) and studies have shown that exploration correlates with cognitive development (Levitsky and Barnes, 1972; Strupp and Levitsky, 1995; Powell et al., 2004; TamisLeMonda et al., 2004) . Thus, there is strong evidence that physical activity and exploration during infancy is important for proper physical and cognitive development (Chávez and Martínez, 1975; Meeks Gardner et al., 1995; Harahap et al., 2000; Jahari et al., 2000) .
Severe protein-energy malnutrition results in decreased activity in infants (Rutishauser and Whitehead, 1972; Grantham-McGregor et al., 1991; Lawrence et al., 1991) , and supplementation improves physical activity in wasted or severely energy-deficient infants (Chávez and Martínez, 1975; Torú n, 1989; Jahari et al., 2000; Pollitt, 2000) . Chronic undernutrition indicated by stunting results in decreased activity; however, nutritional supplementation does not appear to improve activity in stunted infants (Meeks Gardner et al., 1995 .
Micronutrient deficiencies can result in reduced activity and exploration. Both iron and zinc deficiencies even in mild forms, decrease activity in animals, even before growth faltering, and can be reversed with supplementation (Hesse et al., 1979; Golub et al., 1985 Golub et al., , 1996 Golub et al., , 2000 Hunt et al., 1994) . Iron-deficient adults have lower voluntary physical activity than iron-replete adults and their activity increases with iron supplementation (Edgerton et al., 1979; Li et al., 1994) . Infants with iron-deficiency anemia also display lower physical activity compared with iron-replete infants (Lozoff et al., 1998; Harahap et al., 2000; Angulo-Kinzler et al., 2002b) ; however, the majority of supplementation studies have found no increase in physical activity in infants with supplementation of iron alone (Lozoff et al., 1998; Jahari et al., 2000; Angulo-Kinzler et al., 2002a, b) .
Zinc supplementation may increase physical activity in infants at risk of zinc deficiency (Sazawal et al., 1996; Bentley et al., 1997) . Guatemalan infants receiving zinc spent more time in play and less time lying down compared with controls (Bentley et al., 1997) ; however, physical activity was not quantified. In India, toddlers receiving a multiplemicronutrient supplement with zinc had increased physical activity relative to infants receiving the multiple-micronutrient supplement without zinc (Sazawal et al., 1996) . One study has compared supplementation with multiple-micronutrients and energy with multiple-micronutrients alone, and reported a positive effect on activity in infants suffering moderate wasting (weight-for-height Z-score (WHZ) oÀ1) with micronutrients plus energy relative to micronutrients alone .
Micronutrient deficiencies are a nutritional concern in Mexican infants (Rivera et al., 2001; Villalpando et al., 2003; Olaiz-Fernández et al., 2006) . Whereas energy deficiency and low WHZ are not common. We have previously reported from cross-sectional data that lower height-for-age Z-score (HAZ) and hemoglobin (Hb) concentration as well as iron deficiency are associated with decreased physical activity and lower HAZ and weight-for-age Z-score are associated with lower exploration in this population (Aburto et al., 2009) . However, because of the equivocal results in the literature, it is not clear whether nutritional supplementation would positively affect activity and exploration in this population. The objective of this investigation was to determine the effect of nutritional supplementation with micronutrients and micronutrients plus energy and protein on physical activity and exploration in Mexican infants aged 8-12 months.
Subjects and methods

Study design and population
To compare the effect of treatment with nutritional supplement with no treatment on physical activity and exploration, we used a quasi experimental design to analyze data from a supplementation study which could not include a placebo control (García-Guerra et al., 2009) . All participants were beneficiaries of the Mexican government's conditionalcash-transfer, development program, Oportunidades. All beneficiaries between 4 and 24 months of age are entitled to receive a nutritional supplement from the government (Secretaría de Desarrollo Social, 2006) and, therefore, the supplementation study could not include a placebo-control group. All participants were 4-12 months at baseline and 8-16 months at the 4-month follow-up of the supplementation study when physical activity, exploration, anthropometrics, development and nutritional status were assessed. Thus, there were two groups of infants 8-12 months at each time point which were mutually exclusive to one another, and which had measures of physical activity and exploration and other potential covariates. In this analysis, the treatment group included all infants 8-12 months at the follow-up (n ¼ 109). They received daily supplementation for the 4 months before the measurement of physical activity and exploration used in this analysis. The comparison group included all infants 8-12 months at baseline (n ¼ 78). They did not receive daily supplementation before the measurement of physical activity and exploration used in this analysis (Figure 1 ).
Participants lived in 12 urban communities in three states in the south of Mexico, where the prevalence of stunting (HAZoÀ2 s.d.) and micronutrient deficiency is high. Beneficiaries of Oportunidades are at high risk for linear growth faltering, delayed development, and multiple-micronutrient deficiencies (Hernandez-Prado and Hernández-Á vila, 2005) . All beneficiary infants in selected communities 4-12 months of age at baseline who were free of chronic disease, wasting or severe anemia were eligible to participate. We referred any infants found to be severely anemic (Hb adjusted for altitude o70 g/l (o7 g/100 ml)) for treatment. A parent of each infant signed an informed consent before initiation of the study, and the study design and protocol were approved by the Research, Ethics and Biosecurity Commissions of the National Institute of Public Health, Cuernavaca, Mexico. The analysis of these data was considered non-human subjects research by the Centers for Disease Control and Prevention.
Data collection
Local health center staff identified eligible participants, and mothers and their eligible infants reported to the local health clinic where project staff explained the study in detail and collected baseline data. Fieldworkers applied sociodemographic and medical history questionnaires. They measured weight with a Tanita electronic scale (Tanita Corporation of America, Arlington Heights, IL, USA) and recumbent length with a wooden Shorr length board (Shorr Productions, Olney, MD, USA) using standard procedures (Lohman et al., 1988) . Trained fieldworkers measured Hb concentration using a capillary blood sample analyzed in the field with a portable photometer (HemoCue AB; Agelhom, Sweden). We adapted methodology used in the WHO multi-centre growth reference study (Wijnhoven et al., 2004) to measure gross motor development. Trained fieldworkers observed if the infant could perform the milestones of sitting, crawling, standing with help, walking with help, standing without help and walking without help.
Physical activity and exploration
We measured physical activity and exploration through direct observation in a new environment during a discrete time period. This method is similar to observational techniques used to measure infant behavior, play and exploration (Belsky and Most, 1981; Lozoff et al., 1998; Tamis-LeMonda et al., 2004) , has been validated relative to observation over the course of many hours or days (Belsky et al., 1980) , and we have used this method previously in Mexico to quantify the association among activity, exploration and nutritional status in infants (Aburto et al., 2009) . A fieldworker set up a portable 9 m 2 playpen with a variety of new, age-appropriate toys in a private area of the health clinic. The fieldworker instructed the mother to show the infant the environment and encourage him to play before placing him in the playpen. The fieldworker stayed in the room and recorded the infant's behavior onto a DVD for 15 min while the infant played alone. The mother was also in the room but was instructed not to interact with the infant and to only hold the infant after he cried for one minute and to return him to the pen as soon as he was pacified. Two coders, unaware of the child's age or treatment group, viewed the videos twice coding first for activity and second for exploration.
Details on methodology of coding videos are published elsewhere (Aburto et al., 2009) , and the field manual for data collection and coding of videos is available as Online Supporting Material. In summary, to quantify physical activity, coders used continuous observation to quantify time in each of five intensities of bodily movement and time being held. The intensity of bodily movement was divided into sedentary, light, light/moderate, moderate and vigorous defined using a field guide developed at the Institute of Nutrition of Central America and Panama and based on energy cost of physical activities in children (Torun, 1990; Jahari et al., 2000) . To measure exploration, coders used continuous observation to quantify time in categories of exploratory behavior (no exploration, exploration in one modality (touching object without looking or looking at object without touching), exploration in two modalities (touching and looking at object simultaneously) and time spent being held). Coders practiced until they reached an inter-coder agreement of at least 85%. Re-standardization exercises took place weekly.
Treatment
The treatment consisted of three nutritional supplements: the whole-milk based, fortified-food supplement (FFS) currently provided by the Oportunidades program; a liquid syrup; and a micro-encapsulated multiple-micronutrient powder packaged in individual sachets made specifically for the study. All supplement types contained the same micronutrients (Table 1 ). The FFS also contained fat, protein, carbohydrate and, thus, energy. Researchers randomly assigned supplement type at the community level (García-Guerra et al., 2009), and during investigation infants only Owing to field complications during the baseline measurements such as power outages during videotaping, we did not record 15 min of behavior for all infants. We successfully recorded 12 min for the majority (n ¼ 196, 94%) and, therefore, we used the coding of the first 12 min of all videos in the analyses. We performed cluster analyses with data from all 187 participants to develop activity clusters and exploration clusters. To produce activity clusters, we performed the first cluster analysis with the variables of (1) percentage of time dedicated to each intensity of bodily movement and (2) percentage of time being held. To form exploration clusters, we performed the second cluster analysis with the five variables of percentage of time in each category of exploratory behavior. We examined the distribution of the original variables entered in the analyses and characterized the clusters as higher or lower activity or exploration.
We used the activity and exploration clusters as the outcome variable in logistic regression. In the first set of models, the main predictor variable was treatment (1 ¼ received supplement, 0 ¼ did not receive supplement).
In the second set of models, the main predictor variables were MM and FFS. We tested the significance of other potential predictor variables, namely: gender, age, motor development, home socio-economic status, maternal education, reported prematurity at birth, and community socioeconomic status and altitude. Community socio-economic status was higher versus lower based on marginalization index as defined by The National Population Council of Mexico (CONAPO, 2000) . All communities were 41500 m above sea level (high altitude) or o800 m above sea level (low altitude). Predictor variables remained in the model if they were significant at an alpha o0.05. To test for significance, we calculated robust standard errors to account for the design effect of community. Results are presented in the tables as the odds ratio (OR) (confidence interval 95%). We performed all analyses using Stata (Stata Statistical Software, Release 9.2, Stata Corporation, College Station, TX, USA).
Results
The analysis included 78 participants in the comparison group and 109 in the treatment group (micronutrient powder, n ¼ 41; syrup, n ¼ 37; and FFS, n ¼ 31). There were no statistically significant differences between the groups on various demographic characteristics ( Table 2) .
The activity cluster analysis resulted in four clusters. One cluster consisted of 15 participants who spent more than 80% of the observation time being held by the mother. As these infants passed so little time in quantifiable activity, we removed this cluster from further activity analyses. We classified the remaining clusters as high (n ¼ 84), medium (n ¼ 62) and low (n ¼ 26) activity. The exploration cluster analysis resulted in three clusters. Two participants did not integrate into a cluster and were dropped from further analyses. We classified the exploration clusters as high (n ¼ 134), medium (n ¼ 34) and low (n ¼ 17) exploration. The low and medium clusters had too few participants Defined as higher versus lower based on marginalization index by the National Population Council of Mexico, 2000 (CONAPO, 2000 . d o800 m above sea level versus high altitude defined as 41500 m above sea level.
to successfully run ordered logistic regression and, therefore, we combined the medium and low clusters to form a dichotomous variable of high (n ¼ 134) and lower (n ¼ 51) exploration. The odds of being in a higher activity cluster were higher in the treatment relative to comparison group (OR ¼ 2.49, Po0.05) ( Table 3) . Altitude was the only other significant predictor variable (Po0.01). Controlling for altitude had little effect on the impact of treatment on activity (OR a ¼ 2.35, Po0.05). The odds of being in the high exploration cluster were higher in the treatment relative to the comparison group (OR ¼ 2.05, Po0.05). Controlling for age, the only significant covariate, had little effect on the impact of treatment (OR a ¼ 2.32, Po0.05).
The odds of being in a higher activity cluster were higher in the MM group than the comparison group (OR ¼ 2.63, Po0.05), even after controlling for altitude (OR a ¼ 2.51, Po0.05) ( Table 4 ). There was no statistical difference in the odds of being in the higher activity cluster between the FFS and comparison groups (OR ¼ 2.01, P40.05) or the MM and FFS groups.
The odds of being in the high exploration cluster were higher with marginal statistical significance in the MM group than the comparison group (OR ¼ 1.87, P ¼ 0.06). The odds of being in the high exploration cluster were significantly higher in the FFS group than the comparison group (OR ¼ 2.69, Po0.05) even after controlling for age (OR a ¼ 3.13; Po0.05), the only significant covariate to remain in the model. There was no statistical difference in the odds of being in the high exploration cluster between the MM and FFS groups.
Discussion
In this sample of Mexican infants with low prevalence of wasting, multiple-micronutrient supplementation was associated with higher physical activity. Energy supplied in the form of protein, fat and carbohydrate in addition to multiple micronutrients did not confer additional benefits on activity. A number of studies have reported no improvement in activity with iron supplementation alone (Lozoff et al., 1998; Angulo-Kinzler et al., 2002a, b) . However, the results of our investigation were similar to studies supplementing with multiple micronutrients. In Indonesia, moderately protein-energy malnourished infants supplemented with iron, vitamins A and C and energy had improved P-values for all models o0.05. b Values are reported as odds ratio (OR) (95% confidence interval (CI)). ORs based on ordered logistic regression models when physical activity was the outcome and logistic regression models when exploration was the outcome.
c High defined as 41500 m above sea level and low defined as o800 m above sea level. Values are reported as odds ratio (OR) (95% confidence interval (CI)). ORs based on ordered logistic regression models when physical activity was the outcome and logistic regression models when exploration was the outcome. d High defined as 41500 m above sea level and low defined as o800 m above sea level.
activity . A study from India reported that a supplement containing folic acid, vitamins B12, B2, C, E, and A, iron and zinc improved activity compared with the same supplement without zinc (Sazawal et al., 1996) . The success of supplementation we report may be because of the combination of multiple micronutrients and not any individual nutrient. Although in our study, energy in addition to multiple micronutrients did not confer additional benefits on infant activity, the study from Indonesia found micronutrients plus energy to have a greater impact on activity than micronutrients alone . The different nutritional profiles of the populations could account for this inconsistency. The study in Indonesia enrolled only infants with WHZ between À1 and À2 s.d. and low energy intake was likely common. In our sample, 92% of the infants had WHZ4À1 s.d., thus suggesting that insufficient energy intake was not a problem. Results from the supplementation study documented an improvement in Hb concentration in infants receiving MM but not those receiving FFS after 4 months of supplementation even though compliance did not differ significantly among the three groups (García-Guerra et al., 2009) . Consistent with our results, a number of studies have reported higher activity in iron-replete relative to iron-deficient anemic infants and adults (Edgerton et al., 1979; Li et al., 1994; Lozoff et al., 1998; Harahap et al., 2000; Angulo-Kinzler et al., 2002a) . Our previous crosssectional research with Mexican infants showed improved activity with increasing Hb and improved activity in iron-replete versus iron-deficient infants (Aburto et al., 2009) . In this sample of Mexican infants, who did not appear to lack energy necessary for physical activity, an improvement in Hb status was likely responsible for a large proportion of the positive effect supplementation had on activity.
Our results show an association between nutritional supplementation and exploration. Our findings are consistent with those of observational studies that reported lower exploration in iron-deficient anemic and moderately proteinenergy malnourished compared to well-nourished children (Graves, 1976 (Graves, , 1978 Lozoff et al., 1998) . Results from supplementation studies have been equivocal regarding exploration. One study from Costa Rica, found no effect of iron supplementation on 'time attached to mother' or 'areas explored' in a sample of iron-deficient anemic infants (Lozoff et al., 1998) . Another study of Bangladeshi infants found that iron and zinc supplementation improved scores of orientation-engagement (Black et al., 2004) . In Indonesia, supplementation with multiple micronutrients plus energy tended to increase 'time engaged in play,' 'interest in toys' and the quantity of 'play' (Walka et al., 2000) . Our results were similar to those of the latter two studies and provide further evidence that nutritional supplementation benefits exploratory behavior in infants even in those not suffering low WHZ scores. The effect of FFS was statistically significant and that of MM was not, suggesting a benefit of energy and macronutrients on exploration. However, the effect of MM alone was close to statistical significance and was not statistically different from FFS. In addition, our investigation was limited by homogeneity in the exploration measure (472% of participants were in the high exploration cluster). We need more research to determine if energy, protein or other macronutrients provide a meaningful benefit to exploration beyond that provided by micronutrients alone.
The quasi experimental research design is subject to a number of potential limitations. First is the potential for selection bias because one group (treatment) might be a more motivated population because they agree to participate in the study. This limitation did not exist in our study, however, because all members of the comparison group also agreed to participate in the study. Second, we measured activity and exploration in the two groups at different times, and, therefore, something other than the supplement may have affected the outcomes. Participants in the treatment group received daily visits from project staff. Though the visits were brief and did not include health education or stimulation, these visits may have positively affected the mother. On the other hand, a seasonality effect was unlikely because both groups were measured during the dry season and the mean temperature and rainfall were similar at the two time points. Fourth, in addition to the measurement used for our analysis, the participants in the treatment group participated in the activity and exploration measurement at baseline of the larger study when they were aged 4-7.9 months. The comparison group only participated in the measurement once. Though the measurement lasted only 15 min, the infants in the treatment group may have remembered the environment and felt more comfortable. Finally, all participants were beneficiaries of Oportunidades and had the right to receive a nutritional supplement starting at 4 months of age. Therefore, some of the infants in the comparison group may have consumed some FFS in the 4 months before the activity and exploration measurement, biasing the results toward the null.
Despite the limitations of a quasi experimental design, our results provide evidence that nutritional supplementation increases activity and exploration in infants at risk for multiple-micronutrient deficiency but at low risk for proteinenergy deficiency. In this population of infants, energy provided as protein, fat and carbohydrate in addition to multiple micronutrients did not confer additional benefits on activity. The meaningfulness of any benefits that energy and macronutrients conferred on exploration should be further examined before we recommend energy and macronutrient supplementation to this population to improve exploratory behavior.
